Harmful Alcohol use is frequent among opioid dependents patients undergoing agonist maintenance treatment. The objective assessment of harmful alcohol use can be done using laboratory measures of serum biomarkers. For community-based patients, there is often a requirement of an alternative method due to lack of onsite laboratory services. The aim of the study was to examine filter paper as a matrix to measure serum biomarkers of harmful alcohol use. Methods: The initial phase involved standardization of the filter-paper-based assay. Conditions were optimised for extraction and estimation of alcohol biomarkers (Aspartate Aminotransferase; AST, Alanine Aminotransferase; ALT, Gamma Glutamyl transferase; GGT and Carbohydrate Deficient Transferrin; CDT) from the filter paper. For clinical validation, serum samples were collected from community clinics. Biomarker levels obtained from both the methods were correlated using linear regression analysis. Limits of agreement between the two methods was estimated using the Intraclass Correlation Coefficient (ICC). Results: The extraction of enzymes (AST, ALT and GGT) from filter paper was carried out using the substrate buffer available with the reagent kit (Randox, UK). CDT was readily extracted from filter paper using deionised water. Serum biomarker levels measured from samples collected from community clinics correlated well with filter paper extracted levels (ICC 0.97-0.99). More than 90% of alcohol biomarker levels were recovered from the filter paper matrix using this method. Conclusion: Filter paper has the potential to be used as a matrix to objectively measure alcohol biomarkers among opioid-dependent patients from community settings lacking onsite laboratory facilities.
Opioids are a major class of problem drugs, which cause significant disease burden and deaths worldwide. [1] A national survey among a treatment-seeking Indian sample reported the use of opiates as a primary drug of abuse in 26%, [2] which has risen to 53% in recent studies. [3] Long-term treatment with agonists like methadone and buprenorphine is the standard treatment available in India. [4] Patients undergoing agonist treatment frequently consume alcohol in a hazardous or dependent pattern. [5, 6] This leads to adverse impacts like interactions with agonist medication, non-adherence, increased risk of fatal overdose, hepatotoxicity, and impairments in quality of life. [7] Hence, strategies to address the same become important, not only in dealing with alcohol-related problems but also in improving the treatment outcomes. [8] Besides routine screening through self-reporting as measured by a standardized questionnaire, clinicians also need objective tools to assess the extent and pattern of alcohol use. Some of the traditional, inexpensive blood biomarkers such as aspartate aminotransferase (AST), alanine transaminase (ALT) and gamma glutamyl transferase (GGT) can be instrumental in identifying subjects with alcohol use problems. However, these biomarkers lack specificity, especially for harmful levels of use. [9] The relatively newer biomarker carbohydrate-deficient transferrin (CDT) has an important clinical value of being more sensitive to alcohol consumption per se rather than the effects of liver disease. The value of CDT increases at daily ethanol consumptions ranging from 40-80 g for a duration of 2-3 weeks. CDT also has sensitivity almost equal to that of GGT but is more specific. [10, 11] Combining CDT and GGT tests for assessment of patients with alcohol use disorders gives a higher sensitivity (85%) than either of the assays alone. [12] However, one of the challenges related to assessing biomarkers in clinical settings is to manage the logistics of sample collection and transportation to the laboratory. Transportation of samples to a central lab involves extra work of packaging, transportation, and labelling. Thus, it is expensive and tedious and involves problems like spillage and breakage. [13] An alternative sampling method is often looked for to carry out field-based studies. Recently, the use of filter paper for the transport of samples has gained popularity for resource-poor settings. [14, 15] The use of filter paper for the collection and storage of serum has many advantages, including ease of collection and transportation. Serum samples collected on filter paper has been reported to efficiently measure various biochemical analytes, including AST and ALT. [16, 17] The study facility is a national level tertiary care treatment center for drug dependence, which is involved with various community-based projects and programs (including treatment and surveillance programs) at many places all over India. One of the challenges faced by the center is to provide support for laboratory needs in remote or densely populated areas where the facilities for performing laboratory test by a properly trained staff and in an established laboratory may not be available on the spot. The option is often that of a centralized laboratory carrying out all the investigations.
Thus, it was deemed worthwhile to explore the use of filter paper as a matrix to transport serum samples from community settings to measure alcohol biomarkers among opioid-dependent patients on agonist maintenance treatment.
METHODS
The study was carried out in a tertiary care treatment centre for substance use disorders. Ethical issues were addressed by maintaining the confidentiality of the subjects and obtaining consent before enrolling in the study. Ethical permission was obtained from the Institute Ethics Committee. The study was carried out in two phases. The first phase involved the optimization of conditions for extraction, recovery, and analysis of biochemical markers for alcohol use from serum spotted and dried on to filter paper. The second phase was the clinical validation of the standardized filter paper method.
Phase 1: Optimization
Estimation of enzymes Estimation of AST, ALT and GGT was carried out from serum samples in chemistry analyzer AU 480 (Beckman Coulter), using reagents from Randox Laboratories, UK. [18] The levels obtained in direct serum samples were compared with their corresponding serum samples spotted on to filter paper.
Extraction and estimation of enzymes from filter paper
The serum-based calibrators for AST, ALT and GGT (139, 133 and 139 U/L) and controls level 1 (38, 36, 48 U/L) and level 2 (179, 123, 169 U/L) were used. A single drop of serum corresponding to 20 uL was spotted on to Whatman filter paper (903) in a non-absorbent surface. The filter disc was dried at room temperature (24-30°C) and kept at 4°C overnight. Extraction was carried out in the whole 20 uL disc. The disc was cut down to small pieces and the reagents were tried out for their extraction efficiency. Estimation of all the enzymes was carried out in chemistry analyzer AU 480 (Beckman Coulter) by small modifications in the protocol.
Direct serum estimation of CDT
A quantitative, sandwich enzyme immunoassay technique was used to measures CDT from serum samples. [19] The assay was performed by ELISA (Enzyme-Linked Immuno-Sorbent Assay) technique (Tecan GENios ELISA reader, Austria GmbH, Austria), using Magellan software. The procedure was followed as per the protocol provided by the manufacturer (Cusabio, USA). The concentration of CDT was determined using the professional software "Curve Expert" to make a standard curve from the web (www.cusabio.com). The levels obtained in direct serum samples were compared with their corresponding serum samples spotted on to filter paper.
Extraction and estimation of CDT from filter paper Filter paper standards were prepared by spotting (20 uL) serum-based standard with CDT concentrations of 0, 50, 100, 350, 800 and 1600 ng/ml. After drying, the filter disc was kept at 4°C. The extraction conditions were standardized using various buffers under different conditions, and CDT measurement was carried out in the elute to estimate the recovery from filter paper.
Phase 2: Clinical validation
The study was carried out in three community settings lacking laboratory facilities. Samples were collected from patients attending community clinics run by the centre for the treatment of substance use disorder in three localities of Delhi (a distance of 20 to 40 km from the laboratory). The inclusion criteria for the study were: males aged between 18 to 60 years, diagnosed with opioid dependence (ODS as per ICD-10) by a trained psychiatrist and maintained on opioid agonists for at least three months, self-reporting regular alcohol use for the past three months. Those with a file diagnosis of co-morbidity (other substance abuse or dependence except tobacco, or axis 1 psychiatric comorbidity) were excluded.
A total of 45 participants meeting the selection criteria were included. After obtaining informed consent and clinical data, a blood sample (2 ml) was drawn in serum separator vacutainers. Clinical assessment included a semi-structured questionnaire for recording socio-demographic variables (age, gender, marital status, education, and employment) and clinical variables (alcohol use, OST [opioid substitution therapy] duration, compliance, and side effects). The Alcohol, Smoking and Substance Involvement Screening Test (ASSIST), developed for the World Health Organization, was also used for early identification of substance use disorders. [20] The blood samples were transported to the laboratory on the same day. Serum was separated by centrifugation at 2500 rpm for 15 minutes. The analysis of serum enzymes (AST, ALT, and GGT) was carried out on the same day. Serum was spotted on Whatman filter paper 903 as per the standardized conditions, and the remaining sample was stored at -20°C for CDT estimation as per the standardized conditions. The alcohol biomarkers levels measured from direct serum were compared with filter paper levels.
Statistical analysis
Descriptive statistics was employed to present the socio-demographic and clinical variables as number (%). The quantitative variables are summarized as mean with standard deviation (SD). The relationship between the biomarker levels obtained from serum and corresponding filter spots collected simultaneously were assessed using linear regression analysis. Intraclass correlation was calculated to estimate the limits of agreement between the two methods. The data were analyzed using IBM SPSS statistics 2015, version 20.0.
RESULTS

Patient characteristics: Sociodemographic and clinical details
All the participants were diagnosed with opioid dependence syndrome and maintained on OST with sublingual buprenorphine for varying length of time, with a mean (SD) of 40 (54.8) months. The mean age of the patients was 37.04 (10.7) years. Three-fourth (n = 33) of the patients were married, 22% (10) were unmarried, and only 4% (2) were either divorced or widower. One-fourth (11) of the patients were just literate, one-fourth (11) were either graduates or had acquired higher education, 30% (13) had studied up to 12 th standard, and for the rest of the patients, the information was unavailable. More than 70% (34) of the patients were employed, 18% (9) were either self-employed or doing business, and two patients were unemployed.
Self-reported alcohol use was present in 60% of the patients on a weekly basis, followed by daily and monthly use [ Table 1 ]. All the subjects were using tobacco, and almost half of them were cannabis users. When the patients were asked about their OST compliance, one third reported very regular use (more than 24 days/month). More than 90% denied any craving for opioids.
Extraction and estimation of biomarkers from filter paper
The extraction of serum enzymes (AST, ALT, and GGT) was effectively carried out in their respective substrate buffers. The levels obtained from quality controls compared well with their respective filter extracted values. The extraction of CDT from filter paper serum spots was found to be optimal using distilled water. The optimal conditions for extraction of alcohol biomarkers (AST, ALT, and GGT and CDT) were standardized in filter paper spots [ Table 2 ]. Figure 1 shows the levels measured from direct serum and their corresponding filter paper spots. The values of all the biomarkers measured from direct serum correlated well with their corresponding filter paper levels [ Table 3 ].
Clinical validation for measurement of biomarkers of harmful alcohol use from filter paper
DISCUSSION
Harmful alcohol use is one of the common comorbidities associated with opioid-dependent patients on agonist maintenance treatment. This study was planned to objectively assess harmful alcohol use among opioid-dependent patients from community setting using filter paper as a matrix to measure alcohol biomarkers.
Routinely measured liver enzymes AST, ALT, and GGT were studied to assess the harm associated with alcohol use while CDT was included as a biomarker of alcohol use. [9, 10] In community or field-based settings, the use of filter paper is associated with several advantages like ease of collection and transportation. [15] The standardization of the filter paper method was carried out as per our early reports. [16, 17] Extraction of liver enzymes was efficiently carried out in their respective buffers, and the levels were measured using chemistry analyzers. Automation of the filter paper method in this study has made it adoptable and feasible. [21] CDT was found to be efficiently extracted from dried serum spots using water. Earlier, CDT estimation from dried blood spotted filter paper was reported using the electrophoresis method. [22] The present method developed for total CDT measurement is simple and fast, with one step extraction from dried serum.
The levels of biomarkers as measured in direct serum correlated well when compared with serum spotted onto filter paper. The recovery of biomarkers from filter paper was more than 90% for all the enzymes, using automated chemistry analyzer. For CDT, the recovery remained 89%, using a manual enzyme-linked immunoassay method. The two methods correlated well, with more than 0.95 ICC values. Filter paper has the potential to be used as a matrix to transport and measure alcohol biomarkers from field-based community studies. Previous studies from our group and other authors also reported filter paper as a reliable matrix for biochemical measurements. [13] [14] [15] [16] [17] The clinical profile of the subjects indicated alcohol use in a majority (85%) of the opioid dependent patients either on a daily or weekly basis. Previous literature had reported diverse rates of alcohol use in patients on agonist maintenance, mostly methadone. [6] However, there is very limited literature on the rates of alcohol use among buprenorphine-maintained patients, [23] especially from India. [8] Tobacco use was observed among all the subjects included in the study, while cannabis use was found in 45% of patients. Alcohol and tobacco are the substances most commonly used together, because of their shared neurobiological mechanisms augmenting each other's rewarding effects. [24] Previous literature had reported cannabis use among the opioid-dependent population in Indian settings. [25] While interpreting the results in treatment settings, caution should be maintained as the effect of concurrent tobacco and heavy alcohol use may alter liver enzymes. [26] However, cannabis use per se has no effect on liver function. [27] Buprenorphine is one of the most widely used opioid agonist medications in India. Compliance to buprenorphine, without any side effect, among more than 90% of the study patients is in accordance with recent reports. [28] The clinical profile of the patients showed 34% of subjects with moderate ASSIST scores and the remaining 11% with high-risk scores. These results indicate the importance of an objective screening of these patients for harmful alcohol use on a regular basis.
At the same time, the study has a few limitations. The study was planned in a routine clinical setting, and therefore, more recent and specific alcohol biomarkers were not assessed. The liver enzymes assessed for alcohol use have limitations in terms of sensitivity and specificity. The number of samples included was determined on the feasibility of sample collection from a community setting on a pilot basis.
However, the results of the study can be applied to any drug treatment community setting. This study advocates the need for routine use of objective methods to corroborate with patients' self-report during a clinical judgment. Future studies comprising more specific alcohol biomarkers, from multiple settings, are warranted. 
